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l-Sl^^^S)- Afo]^ ^^ofl ^E]A>ol^^-ol ^ ^ 3 - ^ o. c^-jj. 

7fl°lB*1^8r ^± S.^. ^£7> l>i0 15 /cm 2 iLt}- 3.JL ^E|^g- ^-fi- 

^Lf-^, ^"71 Shf-HM 5 ^ n^]^ 1.2nml±4 3nmJ±i} ^=rf. 

O 
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31^ #-§-°l 3# TllolB^q- ^ zl» ^wltb #51*11 « 0 V^ {Stack 

gate electrode prevented interface-reaction and method for fabricating semiconductor 
device having the same} 

£ 5a vfl^l 5L 5d^r SL 4°fl SLAjsJ TlMB^-^M- if-*Rr #51*11 dfc.;*}^ ^ 

2: y^-i- 51^ ^ #£51, 

£6^^ ^fil ^12 ^Al^o!] 4a ti>5L^l 3# TlMB^^i: 51*1 # # 

#51, 
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5. 7£r f-el^-E^ 60^^> NH 3 &$7]3. ^2} XPS 

£ 8^ £ 7*1] tt)-€- ^ TEM a>^1 , 

£ 9^ 950°C°1H ^d^^rsl-l- ^« -f ^^/^^s^/f-E^El-siav ^Si 
^ ^^V^^^V^^^V^^a)-^ ^S^l XPS -g-^ ^41- tiling. 

21 : aV^^l 22 : ^B]^VS|-^ 

23 : t-5^5^ev 24 : ^el^^^ 

25 : ^i^S)-^- 26 : ^^^1^- 

^ 7fl°lB^i^ *lH*l*J-(Sheet resistance; Rs)°) #7>*M ^ ^r-£7> 7^>S] 
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<16> =L£\E.S., *}5L$\±7} vfl^ ^s-o} yfl^ oJ-jho]- ^ g =^ ^^g. 

<17> *V^, 7flo]H^q--2-5. l-e^E^^M: aj-g-S}^ ^3E^^> ^3^1^ 

HV ^zJ-aH iELeiq-^ TflolB^S^ol ^slHi, TlWH*!^ *i^>8- ntflS. -fM*} 

^SKRe-oxidation) ^>£€4. 

4°l3SB3!*l(microtrench) ^ 2)4*1^ , -gel^l^ Srfr^ 

^VsfA) ? 1 u] , TflolH^i^ ofl^o]] TflolH^S}-^ #7>A]^ 

<H Jg-iJ ^(sub-threshold voltage) ^[nr^fr, 7flolH-R-£H.efl<y^ 

(GIDL)], #*l^-?-(punchthrough) !p3 , ^} ^£ofl ^o. nl^tf. 

<20> zl^jI n|fo)l ^^^^ l^n-S Sl^o^) *Vcf. 

n)-°] ^ojH ^£(W/WN/Polysilicon)«- a>^>ji ojcf. 

<22> "t^^Sl^Bl-, ^i^s)-^ ^ B^^o] ^ TIME ^ h 2 0 
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^W. °1» ^"4*1-71 7fl^ ^^o] ^(Selective oxidation) 

^, ^± ^5kH 2 rich)^ aVs]- ^7]oflA-l ^^^1^-4 ^^2KKW/WN)£- ^SM?] 

H l£- £a]hH1^ u}^^ 5,719,410Slolnf. 

<24> £ 1^- 1^5}^, «>£^ 7l^(l) #o|j ^Bl^M-^W ^^£]JL, 

^^3.^51-^(2) ^M] #sl^^^(3), *J 3^3^(6) ^ ^^(5)^ ^ 

<25> <^7lA^ ( *JS^ll^(6)£- ^^^}^5).^ol ^ ^^^£71- 

8>40 14 /cm 2 o]^}olcf. 

<26> £ 2 ^ #Bfl7l^ oil o)l ^Tfl ojE ^» aV£^l ^7f°) ^ # 

^£o]cf. £ 2 ^ SLAl^HH 6,100,193Jlolcf. 
<27> £ 2« %^5>^, 7l^(H) ^^^^-^(12)ol ^Ej^Vs}- 

eKl2) ^Hl #^^^€-^-(13), ^ej^^5|-^-(14) ^ ^^(15)^ ?1] 

<28> ^yl^, ^Sl^-^S}-n1- (l 4 ) ^ ^ ^^£7} S^O^/cm 2 <>1 *>7}- S) f-iij^e) 

^(13) A <H1 ^2)^ ^lcf. 

^ <#,g_ 8>1 oi4/cm 2 ^Z}JL, zi lnm ^£5. ^*}-JL 5£^. 
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<30> £ 3£- ^ ^ ^3}^) l-el^E)s^-/^i^l^5|-^-/^i^l^ t$t& 

<3l> £ 3^1 5*1^ «>Sf £o| > ^^^^sj-^o] ^tIM- SE^r lnm °}f>}e\ nfl-f §J=^- ^e) 

^ ^ 2nm °1^<>H o] ^ 7 > l^<5}7l nfl^ofl ^nfcf ^z}-^ 

Wl^^ 7>^7l nfl^g-o]] °J*j|£Ho) ^-Cf. 
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<34> A o > 7l -Q-^-g- ^*>7l ^>2] TflolH^^ ^2]^, 

71 «>-§-^l^ 1.2nm^.cf ^JZ 3nmi4 ^-g- -iHJ £.5. th}. 

<35> nejji, -g- I^S] ti>£^l i^s] ^ yj-^ *HJ£ TflolH^^^^r S.^>^- 

^ S^^Hl aJi 5.^ D ^£7} lH0 15 /cm2^.nf ^-fj-^ZL $X^r 

$>$*Hr #7)1, <#7] *V^*}*\ Aj-ofl ^*Hr #7fl, #7} ^ 

^, ^ H oM^- ^ ^7l -gB^^-fr O.S ^^*H 3^ 7Hlo]H ^-fr <8^*Hr 

#3- *r<83Hr ^7jl# SLf-^Kr ^-g- ^JiLJL 

<36> o]^, M. Mj-xgol 7l^^O>o 1 l^ f-Aj-o} ^Aj^. 7} Q ^7} 

A HMr •§-<>] «M1 ^Al^- ^ o^A Aj-^-gr] $J*H, £ 7V# 

<37> 51 4^ afll ^Al^ofl af^ aVE*ll ^7f^l TflolH^l^ £AltV # 

<38> £ 4# ^S^, ^JEafl 7l^r(21) ^ofl tRo] 1=^*3^*1 ^ ^^.3^(22)01 i%s$ 

s\JL, -a 51^^-^(22) ^Hl #B^^e) ^(23)<>1 ^3^(23) ^oHl «V 

-§- u oM ^"(reaction-preventing film)*?! ^e|^*l3H-(24)o] ^^tf. He) JI, 
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2^(24) #efl E jiSll^5}-^-(WN X( 25) °1 ^^^lul, ^€^3^(25) ^«ffl^(26) 
°1 W, -Ss|^aW24)£- l-e)^a)^(23) ^H) l>10 15 /cm 2 °] 

^ ^£(1.2nm j=^ofl Sfl^M- ^^j. ^e)^5|-^-(silicon 

nitride film)^]^-. ^^€^^^(WN X , 25HH 0.1-1. is] ^^Mai, 

^(26)£- ifl^ ^^"(refractory metal )^ ^^^cf. 
<39> mq^r^n(24)-8r ^3 l4] 7 >^ ^ f^H y o V ^^l 3 «8^€ 

<40> ^ DPNCDecoupled Plasma Nitridation) S^- RPNCRemote Plasma 

Nitridation) €^^> ^^(plasma nitridation)^- °l-g-S}a} ^^^t-fl, 1-2} 

^-g-Al^ «-^7l^ f-^-tr 7}i(NH 3> ND(D^ ^r^) 3 , N 2 3? NF 3 S 

oj^^^l ZLf-^ofl^ A]Efl^ ^q- ^ 71^1 )» AV-g-^ji, 7l^r 0°C~700°C 

°H , RF 1000W ojsl-olcf. 

<4i> 3= g^, 750°C~950°C^1^ 10a ~ 100a* ^J^b <1^5r^ (Thermal 

nitridation)^- °l-g-*H ^SBrHl, t^sHi 3-§-*13 -gr^M^r ^dti* ^--R-tr 

(NH 3l ND 3 )« Af-g-^cf. 

<42> ^ a}*)), j^i^g^ (Chemical Vapor Deposition; CVD)^: <>]-§-*H 

<43> vfl «i*j] f Q^^^ (Atomic Layer Deposition; ALD)-8r °l-§-*H ^W". 

<44> lH]l-°fl ^*fl ^^tt ^^e^5(-^-(24)^- 3. ^?fl 3nmt- 2,^}*} 
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<45> tVsj, =r4j- 7\]o)^^m. ifl<i^ ^ovo. i^^(W)2H Mo, Ta, Ti, 

Ni, Co ^ oiji, vfl^A^ ^^^.n|o. ^^s^-cwn)^ 

°fl MoN x , TaN x , TiN x , NiN x , CoN x f-S] ^^sl-^(metal nitride)^- *>-§-^- ^ £ 

^7H, x ^ 0.1~1. IS] ^^Ojcf. 

<46> £ 5a ufl*l £ 5d^ £ 4°fl JEAjjg Tfl^m^i^-^- i^Hr ±7} 9] 4 

<47> £ 5a°fl tQ-sq- ^-o] ( tiV £ ^l 7]^:(21) #ofl TlHS^^ ^-g-s}^ ^s} 

^M-^KSi^, 22)1- ^, ^-^5^(22) ^Ml 51^-8: #7} ^tt 

5^§€ €3^Bl^(23)l- #^-€-4. ^7]^, 7j)olB^^ev^ ^e^^^H Si0 x N y 
(x=0.03~3, y=0.03~3), Hf0 2 , Zr0 2 , Hf-Al-0, Hf-^eHl°lH, Zr-^eMMH f-^ 

(23) 500°C~600°C^l^i 
< 48 > tf-g-iLS, #s]^5l^(23) T^W^* ^7l*>7l ^*fl HF» S.^ 

1- °l-§-^H 1.2nm~3nm^ ^-^S. *g^W. 
<49> £^ ^-o] ( i.2nm~3nm^ *f-v\}3. ^5)^- ^2)^(24)1- ^^V^, ^€-^3}- 

^(24)^ ^-fr^ ^ ^(surface density)^ l>10 15 /cm 2 o]^o] ^cj-. 
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<so> s. 5b oi] £ a1^ «>fif ^o], ^^^^^^-(24) ^Hl E j^€^5l-^-(WN x ;x=0. 1-1.1, 

25)# ^*}JL, 3^3!^3W25) ^M) ^^^1^(26)* 
<5i> q-g-^-S, ^^(26) ^Ml *}=*}-^3(27)# ^3|-*V4. 

-H, ^^3^ ^=^3(27)1- E ^€^(26), ^^^1^2}-^(25) , ^ 

-EfJ 3-^(24) £ #^^^^^(23)^- i]z]-«H 1-5^3^(23), 

5^(24), E <^<MS}-^(25), ^^(26) ^ ^n>^aL(27)^ =4 Til 

<53> Aj-^ Tfloje ^Bj^Al, -S*K23) ^^^-^ -ELS]\+ ^€-^5^(22)2] 

£#(22a)* u ^q-. 
<54> S. 5 d ofl w]-^ ^ol ( ^aJ-^ ^^^-a>s|.d|-(22)o| ^«-(22a)# 

^H£3*! ^^^1^(26)4 ^^^i^ S ]-ni-(25)o 1 a}.^ aj-^l^Ai #5^^ -se}-(23)^ 

<55> Ailfl A>5|. ^ o. > av^ ^^-(h 2 -0 2 ), #4 ^ ( h 2 o-H 2 )^ 

^(0 2 )sf f^i(D 2 )^ ^(0 2 -D 2 ) ^#^i(Deuterium oxide; D 2 0)2f 
^(D 2 0-H 2 ) -g-^7HH 700°C~1100°C^ 71^: ^£5. 

<56> <^7H, #^4i(D 2 )^r ^±2) f^H ^^7> 2o]ji Qx}z$o] 2.01409^1 

TMfl-§-(Deuterium)-ir %°)3L, Q^^S- a]--§-^^ ^^L(H 2 )^- -§-^41^ 

^oflAi ^^7} IoIjl ^a^o] 1.007^1 HS#(protium)°]t)-. ojs} ^-o] , ^(H 2 H 
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^ £ ^3°) €■ ^^(D 2 ) ^^7loflA^ *m ^*Hr ^-f, 

SILCCStress Induced Leakage Current) ^ ^S)-, (Charge trapping) -frit, 

HCKHot carrier immunity) ^(degradation) -§^§- °<M*H MOSFET ±4^1 ^-i- ?ti 

<57> ti>Sf Alin a>^- ^V£^ 71^(21) ^SlSA>5|.^ 

(22a)£- ^5l^a|-^-(22b)o.S 7fl^£lJl ( o}-g-&| 7 fl^^ ^^H^ 

(22b)£: TllolB^^- afl^Jf^H *&)^^^^-(23) o}5flo] ^^SA]-^(22)ofl al^fl ZL 

¥**7> ^cf. HL*V, ^ ^ #e]^e)^f(23)^ ^^o] a>5).eH ^e)^V 

<58> 3*4- ^j^S, B^l 3E>M3*1 ^r^nl, ol^^f -f-Sfl LDD(Lightly Doped 

Drain) d^/JEL^ <3^-£ ^^^4. 

<59> £ 6£r £ t^S] ^fl2 ^*HH ufS. tiV^^l 3^ Til o]H^i^-# 

<00> £ 6<^] ^-ol, als^fl 71^(31) #°fl Tflo] e ^o^o] 3^(32) 

ol ^^3^(32) ^Ml #^b]^K33H ^a^^, #3^3^(33) 

^Hl a>-§-«<M ^ ^1 ^5l^^2rSV(34)ol ^^^4. ^BlJI, ^^2^(34) ^ Ej^ 
^(35)°1 ^7l^i, ^sl^^^-^(34)^ #3^3^(33) 

l>10 15 /cm 2 o]^q\ ^ ig£(i.2nm °]#$\ «fl^)# 3fe -g-^ 

(silicon nitride film)o]cf. zlz\3L, ^ii^(35)£- vfl^^ ^^(ref ractory metal) 
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<6i> -*J3]^3W34)£- i41 7H ^ f^H -5d^£ ^VM-^ «<HH o]*fl 



<62> ^ wj^fl ? DPNCDecoupled Plasma Nitridation) SEfe RPNCRemote Plasma 

Nitridation) f-^ f-ej-s*} ^sj-^Cplasma nitridation)^- °l-g-SH ^s^c-fl, f-ej. 

z\$-X\o} £3)7)^: ^if 7>i(NH 3( ND(D^ ^^) 3> N 2 ^ NF 3 5L 

ol^o^^l ZLf-^oflA^ A]Efl^ ^uf. cri^ ^ 7)^1)1- A>-g-^>Jl, 7l^r -gr£^ Ot ~700°C 

o]^, RF 1000W o]^J.olc].. 

<63> ^ 750r~950*C°lH 10^-100^-^^ 3l*3*Rr (Thermal 

nitridation)^- °l-g-*H H^Rr^l, l^s}-^ ^-8-^1^ ^H^Itt f-frtr 7>i 

(NH 3 , ND 3 )« A>-g-eVnf. 

<64> Afl ^*fl, 5*«J-7l#^2MS (Chemical Vapor Deposition; CVD)-g: ^l-§-^H ^^tr^f. 

<65> m ^7 r ##2j-^ (Atomic Layer Deposition; ALD)-ir ^l-§-*H ^tr^r. 

<67> tr^, ^ TllolB^Sl- ^^Hr ^3m(W)£Hl Mo, Ta, Ti , 

Ni, Co =4-^ ol-g-^ ^ oiq. n^ji, TflolB^^^ ^e)^Sl-^(32) 

$H SiO x N y (x=0.03~3, y=0.03~3), Hf0 2 , Zr0 2 , Hf-Al-0, Hf-^S|*IMH, Zr-^e)?lH 
— ^ *> = Tff(Hf) ^ ^|5 3 t(Zr)f if-*Rr -H-B-^i ol-g-^ji, fs] 

^£]^(33)^ 500°C~600°C°1H %o]t\-. 
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•_ 

<68> £ 7-^ 800 "C >H 603^°J- NH 3 £-^715. ^eltb ^ XPS 

^ ^o]j 1> s. S. 7°fl ^ TEM 4^1 °1 4. £ 7°fl 5.+}$. , XPS 

l>10 15 /cm 2 £ 8<*H H^s} «>sq- ^-o], ^ ^ts}. 

2nm^ ^15. ^^ji 514. 
<69> £ 9^ 950°C°1H -id^-M-* ^^/^^^/l-B^e)^ ^ 

Q ^^^/^^^^/^^^/^^^ t 2 -^ XPS ^ ^^14. £ 9 

^ b^^i^-o. H2 o 2# oi-g-^H iH^zHb * €3^3^}- ^» xpss ^ 

^^i^/^^s^/^^-S-*]- ^2:^1 wl^fl Si-0 ^ Si-N^l °<M ^-tfl^o.^. 
M ^ 4 s °l*r, #^5* ^s}^ 

s!a>o] oi^fl o.s Si-0 ^ Si-N^l ^€«*/^;£^3W*2j-gelW : t 1 - 

7ltb ^Hl^r =L W =L 4^ ^tb °b^* f^tt a 

tb ^Hl7> 7>^* ol*||^ ^ 3°H=K 
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4 v ^tb 1.2nm ^1* £^ 
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1] 

*J4i D ^E7} l>40 15 /cm 2 J±4 HJL ^2]- -gej^-i- ^-8-s>jl ^-71 ^e) 

2] 
3] 

*fll ^1 5£°H, 

^±7} 41 BV; £ 

^"71 Tfll nj-tfsj ^V 7 1 tfl^^ ^0.5. ^ 2fl2 ^ 
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4] 

^■7] ifl<g>^ W, Mo, Ta, Ti, Ni ^ CoS. o]^c^^| ZL^-^oflA^ 

^ ^-i" ^8 *Rr te^l TflolB^i^-. 



5] 

*fll %H1 
6] 

^"71 ^el^v a^^o]] ^ M ^£7} I>i0 15 /cm2icf elji ^^sf ^el^-g; 

^"71 l^^S} ^-ofl ^nKg- Cj-T^l; 

-#71 tiV-g-^m ^ ^-71 ^^-8; £*H -2-5. ^l^H 3# 711 OIB 3 
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[^t 1 * 7] 

^16 %H1 5^1, 

NH 3 , ND(Dtt ^±) 3 , N 2 ^ NF 3 S ^f-^H -id^€ ^ Sfe 

&$\7)°§*\ 0°C~700°C^ 7}^S.9\- 1000W3 RF ^Hf^i ^V 7 ] 

^ S^-i: DPN H^r RPN*H ^*Hr ^3.2.3. afls « 0 >^ . 

[^t^ 8] 

NH 3 ND 3 7\±l &S]7}<% 750°C~950°CS] ^£<^H lO^-lOOS^ #7] ^ 

[3^8" 9] 

*f|6 %H1 5a°H, 
^7l sv-g-u-*!^, 
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1% 10] 

*)16 xfl^l *fl9 *J- ^ o]^ %H1 &°H, 

^•71 »£-g-w 0 i-xl t*£. ! 2nm tic|- ^Jl 3nmJ±4 ^ ^}S. 
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W 



SiO x & SiN x 



Poly-Si 



^ 2~3nm 



WSi x 



IS. 4] 
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[S- 5al 




3-24(Si-N;1.2nm~3nm) 



IS. 5b] 




|-24(Si-N;l.2nm-3nin) 
23 



IS. 5c] 



22 



--27 



--26 
, r 25 

^-24 ^22a 



--23 y 



--21 



5d] 




3r24 r 22b 



--21 
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[5. 6] 




U\21 3 OIILi Ti (eV) 

[S. 8] 




24-23 



1020020086276 



#^ 2003/5/15 



[S. 9] 

W(650A)/WN(50A)/poly-Si W(650A)/WN(50A)/Nit-poly.Si 
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